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ABSTRACT 
Ecotones are lareas of transition between two or 
' more different adjacent'~bitats. Often an increased 
density and diversity of organisms is associated with 
this transitional area. Small mammal density should be 
reflected in small mammal activity. Small mammal 
activity was investigated to test the hypothesis that 
there would be an increase in activity in the ecotone 
area versus adjacent woodland and marsh habitats. Two 
successive live-trapping mark-recapture studies of small 
mammals were conducted across a woodland-marsh ecotone on 
Lacawac Sanctuary in Wayne Co., Pennsylvania. Trapping 
was done two nights a week from 16 June to 26 August 
1988, resulting in 2880 total trapnights of sampling 
effort. Two different trapping patterns were used. The 
first pattern had two parallel transect tr~p lines run 
concurrently through each of the three habitat types and 
parallel to the ecotone. The second study employed a 
,' 
grid trapping pattern to observe varying degrees of 
transition with varying distances from the ecotone; 
transect lines were parallel to the ecotone. Peromyscus 
leucopus comprised 83% of the w~odland captures during 
' \ \ 
' 
study 1 and 88% of the woodland captures' during study 2 . 
( 
Microtus pennsylvanicus comprised 90% of all marsh 
1 
( . 
r 
, ) 
• 
J 
, 
I 
captures during study 1 and 821 of all marsh captures 
No increase in small mammal activity in 
'the ecotone was observed. During study 1 small mammal 
activity in the ecotone was statistically lower than in 
either adjacent habitat. During study 2 small mammal 
activity in the ecotone was not significantly higher in 
the woodland, but it was significantly higher than in the 
marsh. Individual transect analyses indicated that there 
were significant differences between virtually all 
transects across all three habitats during both studies, 
indicating that there may have been increasing numbers of 
animals captured with increasing distance from the 
ecotone. The above results did not lead to acceptance of 
the hypothesis that small mammal activity was greater in 
the ecotone. Shannon-Wiener species diversity indices 
indicated that diversity was higher in tne ecotone during 
4. 
both studies. These results are discussed in light of 
the importance of the edge effect for wildlife management 
techniques. 
4 
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INTRODUCTION 
An ecotone is defined as the transition zone where 
two ecosystems meet (Smith 19~0). Figure 1 illustrates 
the composition of an ecotone. For the purposes of this 
study, an ecotone will be defined as the transition zone 
between two distinctly different habitats with respect 
to the major vegetation types present. Ecotones are not 
homogeneous entities but, rather, are heterogeneous 
complexes resulting in a gradient between both physical 
and biological components distinct to the adjacent 
ecosystem types (Vanwinkle and Martin 1973). 
Microclimatic factors, such as moisture, temperature, 
wind flow, and solar radiation, and the vegetation 
structure interact through complex relationships to form 
this gradation (Wales 1972; Smith 1980). For example, 
the abruptness of change in height of the vegetation 
across the ecotone may cause more rainfall and moisture 
to fall in this area, and this increased moisture will, 
in turn, affect the vegetation. These factors, in turn, 
influence the distribution and abundances of animals, 
which result in the edge effect phenomenon. Since 
ecotones are described as borders, they are often 
referred to as "edges", and the local effects of-
, 
ecotones are called "edge ef fect __ s" ( Vanwinkle and Martin 
1973'; Gates and Gysel 1978; Smith -1980; Hanle)) 1983; 
3 
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Kirchoff 1983; Kroodsma 1987; Andren and Angelstam 
1988). The edge effect is described as the tendency for 
an increased diversity and density of organisms to exist 
within the area of transition as compared to the 
individual habitats adjacent to the ecotone as described 
by the vegetation (Smith 1980; Kroodsrna 1987). 
The edge.effect was first described by Leopold 
( 1933) as it pertained to game animals. He noted that 
there was a greater diversity and abundance of wildlife 
at edges between habitats. Since then wildlife 
management techniques have included the creation of 
edges as a means of increasing species diversity (Harris 
/ 
1988; Yahner 1988). There are two basic types of edges: 
inherent and induced. Inherent edges result from 
permanent or long-term ~eatur~s of the landscape and the 
various environmental conditions acting upon them. 
Induced edges are temporary features of the landscape 
that result from drastic, short-term environmental 
disturbances which are usually man-made, such as the 
result of clearcutting and agriculture. Natural 
I 
phenomena, such as fires and floods, may also cause 
induced edges (Smith 1980; Yahner 1988). 
Recently, emphasis on plant and nongarne wildlife 
conservation has caused c0ncern and scrutiny of 
management techniques that are performed to increase 
edge (Harris 1988). It has now been found that 
- 7 t t 5 
• 
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increasing the amount of edge is not always beneficial 
and may have negative consequences (Yahner 1988). By 
increasing edge the distribution and dispersal of 
various organisms decreases by the indirect increase of 
interspecific interactions, such as predation and 
parasitism (Yahner 1988). For example, white-tailed 
deer (Odocoileus virginianus) thrive in areas of 
increased edge but this increase in the number of deer 
may alter the species composition of the plant community 
by increasing browsing (Alverson et al. 1988). This 
increased deer abundance is also leading to an increased 
risk of Lyme disease, which is carried by the parasite, 
the deer tick (Ixodes dammini) (Alverson et al. 1988). 
With a greater emphasis on the ecology of edges 
more research has been conducted within ecotones to 
examine the edge effects, such as increased density and 
diversity of animals. There are conflicting opinions as ! 
to the universality of the edge effect phenomenon with 
respect to an increase in the number of species and the 
number of animals per unit area that are present in an 
ecotone. Gates and Gysel (1978) studied bird nesting 
and fledging success across a forest-farmland ecotone. 
They found a greater abundance of nesting birds in the 
edge area; however, these birds had a lower fledging 
success than birds nesting within the adjacent habitats. 
McEwan and Hirth (1979), likewise, found an increased 
6 
_J 
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abundance of nesting birds along an ecotone. Terborgh 
(1985) studied the distribution of Andean birds along an 
ecotone and found a greater number of birds in the edge. 
On the other end of the scale, there are researchers who 
have found no evidence of such an edge effect. Kroodsma 
(1987) examined breeding birds across a powerline edge 
and found no evidence of an increase in density and 
diversity at the edge. In several instances density and 
diversity were actually lower at the edge. Yahner 
(1988) reported that there was conflicting documentation 
in the literature concerning the edge effect in narrow 
ecotones. Some authors report observing no evidence of 
an edge effect across a narrow edge, whereas others 
report an increased abundance and diversity in the edge. 
In light of the controversy regarding the 
universality of the edge effect, this project was 
designed to determine whether the edge effect was 
evident with respect to small mammals inhabiting a 
woodland-marsh ecotone. A vast majority of the 
literature describes the edge effect as it pertains to 
birds or large mammals. Since small mammal populations 
are variable with and susceptible to habitat changes in 
. 
space and time (Anthony et al. 1·9a1; Halvorson 1982; 
Brown and _Munger 1985 ) .. , they constitute a suitable, group 
for study of the edge effect. In birds and large 
mammals the edge effect may extend into the adjacent 
···.·, 
7 
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habitats up to 100 m or more (Yahner 1988), but small 
mammals are influenced greatly by small fluctuations in 
microclimatic conditions (Flowerdew et al. 1985) and so 
may exhibit the edge effect on a smaller spatial scale, 
making them ideally suited to the present study. Most 
research has focused on induced edges (eg., clearcuts, 
powerlines). This project examined an inherent edge. 
The hypothesis that small mammal activity increases in 
an ecotone between adjacent woodland and marsh habitats 
was tested. The number of animals captured per night 
was used as an indicator of small mammal activity 
levels. 
8 
STUDY SITE 
This project was conducted across a woodland-marsh 
-
ecotone located on Lacawac Sanctuary (41°23'N, 75° 17'W) 
I in Wayne County, Pennsylvania. Lacawac Sanctuary is a 
500-acre wildlife sanctuary in the Pocono lakes region. 
The woodland-marsh ecotone is located in the north-west 
corner of the Sanctuary (see Figures 2 and 3). The 
marsh forms a distinct edge with the woodland. The 
woodland had been cleared for timber harvesting around 
the year 1910. For the past 70 - 80 years, however, it 
has been allowed to grow undisturbed (Norsworthy, 
personal communication). The soil type characteristic 
of the marsh indicates that this area has always been a 
wetland area (Norsworthy, personal communication). 
MATERIALS AND METHODS 
/ 
In order to examine the hypothesis that an 
increase in small mammal activity levels occurs in the 
area of the ecotone, two successive mark-recapture 
studies of small mammals were conducted (study 1_ and 
study 2): two different trapping patterns were 
employed. 1A vegetational analysis was also conducted· to 
9 
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describe the area and to demonstrate that there were two 
differing habitats with a transition zone between them. 
I. VEGETATION ANALYSIS 
The tree stratum in the woodland was sampled in 
accordance with the point-centered quarter method 
(Mueller-Dombois and Ellenberg 1974). Sampling points 
were selected from trap station locations of the second 
study because the extended grid trapping pattern 
provided a greater sampling area to choose from than 
from in study 1 ( 1800 m2 vs. 550 m2 ). The firs!, third, 
and sixth trap stations of transect C in the woodland 
were arbitrarily chosen as the initial sampling 
points (see Figure 4 for a diagramatic repre·sentation 
of the trapping pattern). The comparable stations along 
a second woodland transect were also sampled (Figure 4, 
line B). The area around a sampling point was visually 
divided into four quadrants. The tree closest to the 
sampling point in each quadrant with at least a 10.2 cm 
diameter breast height (DBH) was selected for 
identification and measurement. The following data were 
recorded for each quadrant: species, DBH, and distance 
from the center sampling point. This method resulted in 
six sampling points., In general, it is :recommended that 
2 O point,s be used but this number is a guideline. In 
' --., I 
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order to determine the correct number of points that 
needed to be sampled a species-area curve was drawn 
(Figure 5). This curve plotted the cumulative number of 
tree species present at each point. The roint at which .. 
this curve levels off indicates the minimum number of 
points that needed to be sampled. The curve for this 
study leveled off at points four and five. Therefore, 
six sampling points provided an adequate sample of the 
tree species within the area in question. There were no 
trees greater than 10.2 cm DBH present in the ecotone or 
marsh areas, so this method was only employed in the 
woodland. 
The shrub and herb strata of the woodland, ecotone, 
and marsh were also sampled. These strata were 
qualitatively sampled using the releve method (Radford 
et al. 1981 ). A releve is described as a vegetation 
sample. A Sm x Sm square sample area was used for the 
shrub strata analyses and a 1m x 1m square. sample area 
was used for the herb strata analyses. The sampling 
points in the woodland for the shrub and herb data were 
the same as those used for the point-quarter tree 
stratum analysis (i.e. six points were used). 
Comparable points to those in the woodland were sampled 
in the marsh habitat so that the two distinct habitats 
could""Oe compared. Each trap station in the three 
transect lines of study 2 in the ecotone was sampled, 
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resulting in a total of 18 sampling points in the 
ecotone. More points were sampled in the ecotone 
because this area contained a combination of plant 
species characteristic to each of the individual 
adjacent habitats. If only six points had been sampled 
as in the other two 1habitats, the diversity that was 
present might not have been demonstrated because plant 
species were very patchily distributed in the ecotone. 
Growth form, percent cover, and sociability were 
determined for each shrub and herb species present 
within a releve. Definitions for these th~ee parameters 
are found in Table 1. Growth form described the general 
appearance of the plants and the manner in which they 
grew. Cover was a visual estimate of the amount of 
horizontal space occupied by the foliage of each 
species. Sociability described the observed 
gregariousness of individual organisms. Cover and 
sociability provided a qualitative account of the 
abundance and importance of the shrub and herb species 
in an area. The herbaceous species present were sampled 
to determine the species present and their relative 
importance in the various habitats. 
The results of these analyses allowed the 
characterization of the ecotone for this project. The 
ecotone was defined as the area having an intermixing of 
Polytri'churn commune (haircap moss) and Sphagnum sp. 
i. 
16 . 
' 
, . 
Table 1: Definitions used for growth form, cover and 
sociability classes for shrub and herb strata 
analyses (modified from: Radford, A. E., et 
al. 1981). 
I. Selected Growth Form (GF), Notations for Shrubs and 
Herbs 
H6 - Bulbous H 1 1 - Rhizomatous 
-
-
H7 Caulescent H12 - Root-budding - -
H8 - Cespitose H13 - Scapose -
H9 - Pulvinate H14 - Stoloniferous 
HlO - Repent H 1 5 - Succulent -
II. Cover Classes for Shrubs and Herbs 
Cover Class: 1 ' . the few if - one specimen 1n area, -
any others nearby 
Cover Class: 2 - cover less than r% 
Cover Class: 3 - cover 1 % - 5% -
Cover Class: 4 - cover 5% - 12.5% -
Cover Class: 5 - cover 1 2. 5 % - 25% -
Cover Class: 6 - cover 25% - SO% 
Cover Class: 7 - cover greater than 50% -
III. Sociability Values for Shrubs and Herbs 
Sociability Value: 1 plants • singly - growing 
Sociability Value: 2 - plants grouped or tufted -
Sociability Value: 3 plants • small patches - in or -
cushions · 
Sociability Value: 4 plants ' small colonies, - in -
• extensive patches • in or in 
carpets 
Sociability Value: 5 plants • • great - occurring in -
crowds ( i.e. , pure 
populations) 
17 
(peat moss) and where Vaccinium corymbosum (highbush 
blueberry) was abundant. The ecotone was defined as 
extending into the woodland to the point where trees of 
greater than 10.2 cm DBH were present and where 
Polytrichum commune became the primary moss present. 
The interface boundary was the same when either the 
trees or Polytrichum commune were used as indicators. 
The ecotone was described as extending into the marsh to 
the point where Vaccinium corymbosum was no longer the 
most abundant shrub present and where Sphagnum sp. 
became the primary moss present. These interface 
boundaries were coincident. On the basis of these 
characteristics as th~ borders of the edge, the ecotone 
in the study area was approximately 10 m wide. 
I 
II. STUDY 1 
Study 1 was conducted from 16 June to 8 July 1988. 
It had a trapping pattern designed to sample each of the 
three habitats (woodland, ecotone, marsh) individually 
(Figure 6). Two parallel transect lines, each 50 m 
long, were run concurrently in each of the three 
habitats: woodland, ecotone, marsh. Transect lines 
were parallel to the habitat interface, and within each 
habitat transect lines were separated by 5 m.,' Transects 
in each habitat were separated from transects in the 
' ,I • 
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S11JDY 1 
WOODLAND ECOTONE MARSli 
B A B A B A 
SOm 
-Sm- ---20m------- -Sm----- -- 20mi------ Sm-
Figure 6: Trapping pattern employed during Study 1. 
;, 
\ 
I 
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adjacent habitat by 20 m. Within transects trap 
stations were positioned 5 m apart and two Sherman live 
traps (7.Sx 9.0 x 23.0 cm) were placed back to back at 
each station in order to avoid trap saturation (Beacham 
1979; Bowers and Smith 1979). This tra~ing pattern 
resulted in 11 trap stations per transect and 22 traps 
set per transect per night. Traps were not set 
knowingly along obvious rodent runways because even 
though a higher success of capture would result from 
such a procedure, a basic index of the presence and 
abundance of animals was desired and a systematic 
sampling of the habitats was more appropriate (Giles 
1971 ) . 
Different types of traps vary with regard to their 
efficiency of capture of individual species of small 
mammals (Sealander and James 1958). Some species are 
easily captured in a particular type of trap while other 
species are,not so readily trapped, even though they may 
~ 
be quite abundant in the habitat. Sealander and James 
(1958) compared the efficiency of various trap types and 
found that the Sherman live trap was the most effective, 
' least selective type. It was also the least sensitive 
to rain. Therefore, Sherman live traps were used for 
this project. 
Trapping was conducted two nights a week for the 
study _period. Initially, trapping was preceded by one 
20 
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night of prebaiting to minimize neophobia, which has 
• 
been reported for small mammals (Yang et al. 1970). The 
trap door was held open for prebaiting by wedging a 
craft stick under the crosspiece. Traps were prebaited 
and baited with rolled oats as recommended by Kirkland 
(personal communication). Prebaiting was abandoned 
after two weeks due to disturbance of the traps by 
raccoons (Procyon lotor). Traps were set in the evening 
between 1800 - 1900 hours. A few oats were placed on 
the treadle of the trap and a few were sprinkled on the 
door and immediately in front of the door to entice 
animals in. Traps were checked between 0600 - 0800 on 
the mornings following baiting. 
When an animal was captured it was transferred to a 
plastic bag for handling and toe-clipped with an 
individual identification number. The toe-clipping 
numbering scheme of Johnston (1981) was employed. The 
digits on the front feet were numbered consecutively 
from one to eight from the outer right to the outer 
left. The digits on the hind feet were numbered in 
intervals of tens from 10 to 100 from the outer right to 
the outer left. Once an animal was marked, the number 
it was given was its permanent number; an animal was not 
marked twice. When an animal was captured the following 
.data were recorded: species, individual identification 
number, sex, relative age class (juvenile or adult), and 
21 
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the location of the capture (habitat, transect line, and 
trap). The animal was then released at the site of 
capture. All traps that were sprung and contained an 
animal were replaced with clean traps and the dirty 
traps were subsequently cleaned with tap water and a 
toothbrush. Traps remained permanently at the trap 
stations during the entire study. Traps were closed 
during the day and between trapping periods. 
The data did not satisfy the requirements of 
parametric statistics. Therefore, nonparametric tests 
were used. Kruskal-Wallis one-way analysis of variance 
• 
was done for all three habitats. The analysis was 
performed by analyzing the habitats because of the 
hypothesis being tested: there is an increase in small 
mammal activity in the ecotone with respect to the 
adjacent habitats. The number of captures per 100 
trapnights for each sampling day was the parameter 
tested. The Kruskal-Wallis test is used to determine 
whether k independent samples, of ordinal measurement, 
are from different populations (Siegel 1956). The 
parameter tested satisfied this requirement. Therefore, 
• 
this test was app*'priate to indicate if there were 
differences in the captures per 100 trapnights among the 
three habitats. Once any significant differences were 
found a nonparametric multiple range test (Zar 1984) was 
used to determine between which of the habitats these 
. 22 
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differences occurred by conducting multiple comparisons. 
After significant differences were found between 
the habitats, a more rigorous analysis of the data was 
performed by repeating the aforementioned statistical 
tests on a per transect basis. The number of captures 
per 100 trapnights per transect for each sampling day 
was the parameter tested. By doing such analyses, any 
gradient of changes in small mammal activity occurring 
with an increasing distance from the ecotone could be 
examined. 
\ 
Another aspect of the edge effect phenomenon is an 
increase in species diversity. This characteristic was 
briefly examined by calculating species diversity 
indices for each habitat using the Shannon-Wiener 
formula (Smith 1981 ). Sample sizes were too small to 
statistically test the results of these indices. 
III. STUDY 2 
On July 14 the trapping transect pattern was 
changed to a grid pattern in order to increase 
resolution as to the activities of the animals (Figure 
4). Three sets of three parallel transect lines, 50 rn 
long, were run in the woodland, ecotone, and marsh. 
All lines were parallel to the edge. The transect lines 
in the woodland were spaced 10 m apart as were those in 
23 
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the marsh. The transect lines in the ecotone were 
spaced only 5 m apart due to the narrow width of the 
edge in the study area. Sets of transects in adjacent 
habitats were separated by 10 m intervals. Trap 
stations were spaced 10 m apart, with two Sherman live 
traps at each station placed back to back, resulting in 
a total of six trap stations per transect and 12 traps 
set per transect per night. Data were recorded in the 
same manner as ~n study 1. Trapping was conducted from 
15 July to 26 August 1988 with the same procedure as in 
study 1. No prebaiting of traps was employed. Once 
again, traps containing an animal were replaced .with 
clean traps and then cleaned with tap water and a 
toothbrush. 
As in study 1, the data did not satisfy the 
requirements of parametric statistics and, therefore, 
nonparametric tests were used. Kruskal-Wallis one-way 
analysis of variance was employed to compare data from 
the three habitats. The number of captures per 100 
trapnights was the parameter tested. These values were 
corrected for the difference in the sampling area 
0 
betwe$n the habitats by dividing the values of captures 
I 
I per--roo trapnights in each habitat by the total area 
r· 
I 
I 
t--hat was sampled (i.e., 1800 m2 for both the woodland 
and the marsh and by 900 rn2 for the ecotone). This 
method allowed the captures in the ecotone to be 
24 
weighted more than those in the woodland and marsh since 
this was the habitat with the smallest area sampled 
during this study. The number of trapnights in the 
marsh was adjusted for these calculations in order to 
account for a flooding phenomenon that submerged 24 of 
the traps for two sampling days. These traps were not 
used in the calculation of trapnights for the 
statistical analyses because, even though they were set, 
they could not have captured any small mammals because 
of the weight of the water. Multiple range tests were 
performed once the Kruskal-Wallis test indicated that 
there were significant differences between the habitats. 
After significant differences were found between 
the habitats, a more rigorous analysis of the data was 
performed by repeating the aforementioned statistical 
tests on a per transect basis. The number of captures 
per 100 trapnights per transect for each sampling day 
was the parameter tested. By doing such analyses, any 
gradient of changes in small mammal activity occurring 
with an increasing distance from the ecotone could be 
examined. 
Species diversity indices for each habitat were 
calculated using the Shannon-Wiener formula (Smith 
1981 ). Sample sizes were too small to statistically 
·test the results of these indices. 
I 
....... 
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RESULTS 
I. VEGETATION ANALYSIS 
The data collected from the woodland tree stratum 
sampling are presented in Appendix 1. From these data 
the mean diameter, mean basal area, absolute and 
relative density, frequency and dominance of each tree 
species were calculated. The mean diameter and mean 
basal area for each species are presented in Table 2. 
These parameters were used to calculate the relative 
density, relative frequency, and the relative dominance, 
which when added together yielded the importance value 
for each species. These values are presented in Table 
3. The importance values were thenf~ke_9., indicating 
the relative import each species has in th~ommunity. 
An importance value rank of 1 species with 
the most import. The results of this study indicated 
that Tsuga canadensis (eastern hemlock) was the most 
important species in the area Jollowed by Betula 
\ 
populifolia (gray birch). The least important species 
was calculated to be Amelanchier arborea (downy 
serviceberry). No trees with a DBH greater than 10.2 cm 
were present in either the ecotone or the marsh. 
The data from the shrub analyses are presented in 
Appendices 2 - 4. Average cover and sociabilty 
values. were calculated for each shrub species, across 
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Table 2: Mean diameter and mean basal area for each 
tree species in the woodland habitat. 
SPECIES 
Tsuga canadensis (eastern hemlock) 
Betula populifolia 
(gray birch) 
Acer rubrum 
(red maple) 
Amelanchier arborea 
(downy serviceberry) 
Nyssa sylvatica 
(black gum) 
J 
MEAN 
DIAMETER (cm) 
23.0 
1 2 . 9 
1 4 . 9 
1 1 • 4 
1 8 . 8 
.. 
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MEAN BASAL 
AREA ~cm2 ) 
462 
134 
176 
102 
278 
' 
f 
Table 3: Calculated relative density, relative 
dominance, relative frequency, and importance 
values for the individual tree species of the 
tree stratum in the woodland. 
SPECIES RELATIVE RELATIVE RELATIVE IV 
DENSITY DOMINANCE FREQUENCY IV RANK 
Tsuga canadensis 46 (eastern hemlock) 
Betula oopulifplia 33 
(gray birch) 
1 
Acer rubrum 13 
(red maple) 
Nyssa sylvatica 4 (black gum) 
Amelanchier arborea 4 
(downy serviceberry) 
72 
1 6 
7 
4 
1 
' 
38 156 1 
31~ 80 2 
1 5 35 3 
8 1 6 4 
8 1 3 5 
IMPORTANCE VALUE (I.V.) = Relative Density+ Relative 
Dominance+ Relative Frequency 
( 28 
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all sampling points, within each habitat. These results 
are presented in Table 4 and are tabulated with the 
range values in parentheses following each average. 
Cover value is an indicator of a species' abundance 
within a habitat. When comparing across the three 
habitats it was recorded that Kalmia angustifolia (sheep· 
laurel) was present in both the woodland and the 
ecutone, but not in the marsh. This species was most 
abundant in the ecotone with an average cover value of 
1.6 and an average sociability value of 0.9 (see Table 1 
for the definitions of cover and sociability values). 
Spirea tomentosa (steeplebush) was present in both the 
marsh and the ecotone but not in the woodland. It was 
much more abundant in the marsh than it was in the 
ecotone, as is indicated by its average cover values of 
5.2 and 2.7 in the respective habitats. The remaining 
two species recorded, Vaccinium corymbosum (highbush 
../ 
blueberry) and Spirea latifolia (broadleaf meadowsweet), 
were present in all three habitats although in different 
abundances. Spirea latifolia was most abundant in the 
marsh with an average cover value of 5.0 and an average 
sociability value of 4.2. The high cover value 
p 
indicates that this species was abundant in the marsh. 
This species decreas·ed in.abundance from the ecotone to 
the woodland, with average cover values of 4.2 and 0.2, 
respectively. Spirea latifolia was pre~ent in only one 
29. 
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Table 4: Average cover/sociability values (including 
ranges) for all shrub species in each habitat. 
SPECIES 
Kalmia 
angustifolia 
Spirea 
latifolia 
Spirea 
tornentosa 
V2~~ini!Jm 
~Qryrnbosum 
WOODLAND 
AVG. C/S 
0. 7 ( 0 - 4 ) / 
0. 5 ( 0-3) 
0. 2 ( o - 2 ) / 
0.2 ( 0- 1 ) 
0/ 
0 
3. 7 (0-6)/ 
1 • 3 (0-2) 
30 
ECOTONE 
AVG. C/S 
1 • 6 (0-7)/ 
0.9 ( 0-3 ) 
4.2 (0-7)/ 
2. 7 ( 0-4 ) 
2. 7 (0-6)/ 
1 • 6 ( 0-4 ) 
3.6 (0-7)/ 
2.9 ( 0-4) 
MARSH 
AVG C/S 
0/ 
0 
5.0 (3-7)/ 
4. 0 ( 4- 5 ) 
5.2 ( 0- 7 ) 
4.2 ( 0-5 ) 
3. 0 (2-4)/ 
1 • 0 ( 1 -2 ) 
.. 
• 
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Table 4: Average cover/sociability values (including 
ranges) for all shrub species in each habitat. 
SPECIES 
Kalmia 
angustifolia 
Spirea 
latifolia 
Spirea 
tomentosa 
Vg~~ini1.1m 
~oryrnbo§um 
WOODLAND 
AVG. C/S 
0. 7 ( 0 -4 ) / 
0. 5 ( 0- 3 ) 
0. 2 ( o- 2 ) I 
0.2 ( 0- 1 ) 
. 
0/ 
0 
3. 7 (Q-6)/ 
1 • 3 ( 0-2 ) 
r 
30 
ECOTONE 
AVG. C/S 
1 • 6 (0-7)/ 
0.9 ( 0 - 3.) 
4.2 ,o-7)/ 
2. 7 (0-4) 
2. 7 (0-6)/ 
1 • 6 (0-4) 
3.6 (0-7)/ 
2.9 (0-4) 
... 
·~- ... _ .... 
MARSH 
AVG C/S 
0/ 
0 
5. 0 (3-7)/ 
4.0 ( 4-5 ) 
5.2 ( 0- 7 ) 
4.2 ( 0-5 ) 
3. 0 (2-4)/ 
1 • 0 ( 1 -2 ) 
,. 
... 
• 
releve in the woodland, and its low cover value 
indicates that this species was of relatively minor 
importance within this habitat. Vaccinium corymbosum 
had similar average cover values in the three habitats, 
but its average sociability values indicate that it was 
most dense in the ecotone where its value was 2.9 as 
compared to 1 .3 in the woodland and 1 .o in the marsh. 
The data from the herb strata analyses are 
presented in Appendices 5 - 7b. These data were ranked 
in the same manner as the shrub data. The average cover 
and sociability values for each species in all three 
habitats are presented in Table 5. Polytrichum commune 
(haircap moss) was more abundant in the woodland 
(average value of 7 • 0 ) than I the ecotone cover in 
(average value of 3 • 2) , and it not present I cover was in 
the marsh. Sphagnum sp. (peat moss) was slightly more 
abundant . the marsh (average ~ of 1 • 8 ) than in cover value 
the ecotone (average cover value of 1.6), and it was not 
present in·the woodland. The average sociability values 
for this species, 4.7 and 1.7 in the marsh and the 
ecotone, respectively, indicated that Sphagnum sp. was 
grew more densely in the marsh. The following 
herbaceous species were present in the woodland and the 
ecotone, but not in the marsh: Dennstaedtia 
\ 
punctilobula (hay-scented fern), Lycopodium digitatum 
/ '- / I 
(runn~ng cedar·), Lycopodium obscurum (tree clubmoss), 
' . ) 
r" 
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Table 5: Average cove.r/sociability values (including 
ranges) for all herb species in each habitat. 
SPECIES 
Carex 
sp. 
• 
Dennstaedtia 
punctilobula 
Dulichium 
arundacium 
Eleocharis 
obtusa 
Hieracium 
pilosella 
Hyoericum 
sp. 
Juncus 
effusus 
Lycopodium 
digitatum 
Lycopodium 
obscurum 
Lysimachia 
terrestris 
Panicum 
sp. 
Poa 
sp. 
Poaceae 
sp. 
Polytrichum 
commune 
Rhyncospora 
sp. 
Scirpus 
sp. 
Sphagnum 
sp. 
Trientalis 
borealis 
WOODLAND 
AVG. C/S 
0/ 
0 
0.3 (0-2)/ 
0.2 (0-1) 
0/ 
0 
0/ 
0 
0.3 (0-2)/ 
0.3 (0-2) 
0/ 
0 
0/ 
0 
o.s (0-3)/ 
0.5 (0-3) 
0.5 (0-3)/ 
0.5 (0-3) 
0/ 
0 
0.5 (0-3)/ 
0.3 (0-2) 
1.7 (0-3)/ 
1.5 (0-3) 
0/ 
0 
7.0 (7)/ 
3.0 (3) 
0/ 
0 
0/ 
0 
0/ 
0 
,.o (0-3)/ 
0.5 (0-2) 
32 . 
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ECOTONE 
AVG. C/S 
0/ 
0 
0.5 (0-3)/ 
0.2 (0-1) 
0/ 
0 
0/ 
0 
0/ 
0 
1.0 (0-3)/ 
0.5 (0-2) 
0.6 (0-5)/ 
0.4 (0-3) 
0.4 '(0-4)/ 
0.5 (0-3) 
o.s (0-3)/ 
0.4 (Q-3) 
0.8 (0-4)/ 
0-4 (0-3) 
0/ 
0 
2.2 (0-4)/ 
1.4 (0-3) 
1.1 (0-4)/ 
0.8 (0-3) 
3.2 (0-7)/ 
2.4 (0-3) 
0/ 
0 
0/ 
0 
1.6 (0-4)/ 
1 • 7 ( 0-3) 
0.3 (0-2)/ 
0.3 (0-2) 
. 
\ 
MARSH 
AVG C/S 
1.0 (0-2)/ 
1.2 (0-3) 
0/ 
0 
2.2 (0-5)/ 
1.0 (0-2) 
0.3 (0-2)/ 
0.3 (0-2) 
0/ 
0 
1.0 (0-2)/ 
0.8 (0-2) 
2.7 (0-5)/ 
2.3 (0-3) 
0/ 
0 
0/ 
0 
1.3 (0-2)/ 
0.7 (0-1) 
0/ 
0 
0/ 
0 
0.3 ·(0-2)/ 
0.3 (0-2) 
0/ 
0 
0.3 (0-2)/ 
0.2 (0-1) 
3.3 (0-5)/ 
1.8 (0-3) 
1 .8 (0-7)/ 
4.7 (0-3) 
0/ & 
0 (: 
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Poa sp. (grass), Polytrichum commune (haircap moss), and 
Trientali& borealis (star flower). The following 
herbaceous species were present in the marsh and the 
ecotone, but not in the woodland: Hyoericum sp. (St. 
John's wort), Juncus effusus (common rush), Lysimachia 
terrestris (swamp candles), Poaceae sp. (grass), and 
Sphagnum sp. (peat moss). 
II. STUDY 1 
The mammal species captured during this study in 
descending order of abundance were Peromyscus leucopu~ 
(white-footed mouse), Microtus pennsylvanicus (meadow 
vole), Blarina brevicauda (short-tailed shrew), 
-
Perornyscus maniculatus ( deer .----Juse), Tamias str iatus 
.(eastern c~ipmunk), Clethrionornys gapperi (red-backed 
vole), Tamiasciurus hudsonicus (red squirrel), and 
Napaeozapus insignis (woodland jumping mouse). The 
species captured, the number of individuals per species 
captured, and the total number of captures per species 
• 
for each habitat are presented in Table 6. Meadow voles 
were captured only in the marsh. Nineteen of 22 
captures of the white-footed mous~ captures were in the 
woodland habitat; none was captured in the marsh. 
Short-tailed shrews were captured in both the woodland 
and the marsh. ·· The eastern chipmunk was captured only 
33 
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Tcy>le 6: Species captured, number of individuals per 
species captured, and total number of 
captures per species for each habitat during 
study 1: 16 June - 8 July 1988. 
HABITAT: WOODLAND 
SPECIES I INDIVIDUALS TOTAL CAPTURES 
CAPTURED OF SPECIES 
Peromys~us leucopus 8 , 9 
(white-footed mouse) 
Tamia§ striatus 2 3 
(eastern chipmunk) 
Blarina brevicauda 2 2 
(short-tailed shrew) 
HABITAT: ECOTONE 
SPECIES 
Peromyscus leucopus 
(white-footed mouse) 
Clethrionomys gapperi 
(red-backed vole) 
Napaeozapus insignis 
(woodland jumping mouse) 
Tamiasciurus hudsonicus (red squirrel) 
# INDIVIDUALS TOTAL CAPTURES 
CAPTURED OF SPECI·ES 
3 
1 
1 
1 
3 
1 
1 
1 
HABITAT: MARSH 
SPECIES # INDIVIDUALS TOTAL CAPTURES 
CAPTURED OF SPECIES 
Microtus pennsylvanicus 8 28 
(meadow vole) 
Peromyscus maniculatus 2 2 
(deer mouse) 
Blarina brevicauda 1 1 
I (short-tailed shrew) 
34 
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in the woodland. The deer mouse ·was only captured in 
the marsh. The red-backed vole, the woodland jumping 
mouse, a~d the red squirrel were captured only in the 
ecotone. 
Total trapping effort was 1056 trapnights for this 
study. The total number of animals captured, the total 
number of recaptures, the total trapping effort, the 
captures per 100 trapnights, and the recaptures per. 100 
trapnights per habitat for this study are presented in 
Table 7. . ... 
A Kruskal-Wallis one-way analysis of • variance was 
\. 
performed to determine if small mammals were equally 
abundant in the three habitats. The statistic tested 
was number of captures per 100 trapnights per sampling 
day. The resulting test statistic (H) was 11 .78 (p < 
r 
0.005). Subsequent multiple range tests (Zar 1984) 
revealed significant differences between the woodland 
.. 
and the ecotone and between the marsh and the ecotone. 
There was no difference between the woodland and the 
marsh. The habitat with the lowest ranking was the 
ecotone (R = 45.0), which reflects that there were 
actually fewer mammals captured in this area. Most of 
th~ captures were in the woodland and the marsh. 
The total nurnbe.r of animals captured, the total 
number of recaptures, the total trapping effort, the 
captures per 100 trapnights, and the recaptures per 100 
~ 
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Table 7: Small mammal capture data for study 1 
indicating captures, recaptures, trapnights, 
captures per 100 trapnights, and recaptures 
per 100 trapnights for each habitat. 
CAPTURES 
RECAPTURES 
TRAPNIGHTS 
(TN) 
CAPTURES/ 
100 TN 
RECAPTURES/ 
100 TN 
WOODLAND 
24 
1 2 
352 
6.8 
3.4 
36 
ECOTONE 
6 
0 
352 
1 • 7 
0 
', ... - -- ··-
__ ,,,/ 
MARSH 
20 
352 
8.8 
5. 7 
, 
'- . 
trapnights for each transect during this study are 
presented in Table a. There appeared to be a gradual 
increase in the number of animals captured with an 
increasing distance from the ecotone edge. More animals 
were captured along the transects farthest from the 
ecotone. 
A Kruskal-Wallis test was performed to compare the 
data of the individual transect lines across all three 
habitats. The statistic tested was number of captures 
-
per JOO trapnights per transect per sampling day. The 
resulting test statistic (H) was 18.98 (p < 0.002). 
Subsequent multiple range tests revealed significant 
differences between all transects, except between 
transect Bin the woodland and transects A and Bin the 
marsh. Transects A and Bin the ecotone had equal rank 
. 
sums (117.5) and were the smallest values, thus 
reflecting that there were actually fewer animals 
captured in this area. The most captures were in 
transect B of the woodland and transect A of the marsh. 
The Shannon-Wiener formula (Smith 1980; Zar 1984) 
,') 
was used to calculate species diversity indices for all 
three habitats. These results are presented in Table 9. 
All three habitats have relatively low species diversity 
indices, but the ecotone has the highest index (H' = 
0.54). 
37 
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Table 8: Small mammal capture data for study 1 
indicating captures, recaptures, trapnights, 
captures per 100 trapnights, and recaptures 
per 100 trapnights for each transect line. 
WOODLAND 
A B 
CAPTURES 17 
RECAPTURES 10 
TRAPNIGHTS 176 
(TN) 
CAPTURES/ 11 .3 
100 TN 
RECAPTURES/ 9.1 
100 TN 
I 
7 
2 
176 
6.2 
2. 3 
· 38 
ECOTONE 
A 
3 
1 
176 
1 • 7 
0 
B 
3 
0 
176 
1 • 7 
0.6 
MARSH 
A 
1 1 
4 
176 
3.9 
1 • 1 
B 
20 
1 6 
176 
9.7 
5. 7 
lf 
' 
. . .. 
Table 9: 
-
.. 
, 
Species richness, spefies diversity, and 
the total area sampled per habitat during 
study 1: 16 June - 8 July 1988. 
HABITAT SPECIES 
RICHNESS 
SPECIES 
DIVERSITY 
( H ' ) 
AREA 
SAMPLED 
( m2 ) 
WOODLAND 
ECOTONE 
MARSH 
3 
' 4 
3 
0.38 
0.54 
0.33 
Total number of species captured: 8 
• 
39 
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550 
550 
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III. STUDY 2 
The small mammal species captured during this study 
listed in descending abundance were: Peromyscus 
leucopus (white-footed mouse), Microtus pennsylvanicus 
(meadow vole), Blarina brevicauda (short-tailed shrew), 
Sorex cinereus (masked shrew), Tamias striatus (eastern 
chipmunk), and Naoaeozapus hudsonicus (woodland jumping 
mouse). The species captured, the number of individuals 
per species captured, and the total number of captures 
per species for each habitat during this study are 
presented in Table 10. Meadow voles were captured only 
in the marsh. One woodland jumping mouse was captured 
only in the ecotone. The white-footed mouse and the 
eastern chipmunk were captured in both the woodland and 
the ecotone, but never in the marsh. Short-tailed 
shrews were captured in both the marsh (N = 1) and the 
ecotone (N = 3). Short-tailed shrew number 001 was 
captured eight times along transect A of the ecotone. 
Masked shrews were captured at very low frequencies in 
all three habitats (N = 1 for each habitat). 
When this study was begun there was a narrow, dry 
. 
creek bed traversing between transects A and B of the 
marsh. On 21 July heavy rains began and by 22 July the 
creek had refilled with wat/r. Heavy rain continued 
intermittently through to 2J July, by which time the 
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Table 10: Species captured, number of individuals per 
species captured, and total number of 
captures per species for each habitat during 
study 2: 1 5 July - 26 August 1 988. 
HABITAT: WOODLAND 
SPECIES # INDIVIDUALS TOTAL CAPTURES 
CAPTURED OF SPECIES 
P~rQmyscus leu~OQUS 1 0 3 1 (white-footed mouse) 
Tamias striatus 3 3 (eastern chipmunk) 
Sorex cinereus 1 1 (masked shrew) 
HABITAT: ECOTONE 
SPECIES # INDIVIDUALS TOTAL CAPTURES 
Peromyscus' leucopus (white-footed mouse) 
Blarina brevicauda (short-tailed shrew) 
Sorex cinereus (masked shrew) 
Tamias striatus 
(eastern chipmunk) 
Napaeozapus insignis (woodland jumping mouse) 
' 
' 
CAPTURED OF SPECIES 
5 
3 
2 
1 
1 
8 
1 0 
2 
1 
1 
HABITAT: MARSH 
SPECIES 
Microtus pennsylvanicus (meadow vole) 
Blarina brevicauda (short-tailed shrew) 
Sorex cinereus (masked shrew) 
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# INDIVIDUALS 
CAPTURED 
1\ 
7 
1 
1 
. 
TOTAL CAPTURES 
OF SPECIES 
9 
1 
1 
\ 
' 
/ 
\ 
marsh was flooded. The water depth was approximately 50 
cm at transects A and B, thus submerging the traps in 
both transects. The traps along these transects were 
still set although baiting was impossible. One week 
later, 4 August, the flooding had subsided to a point 
where the traps in these two trans-'ects could effectively ~ 
be baited. Traps in the woodland and ecotone were not 
flooded. The capture rate for meadow voles declined to 
zero during the heavy rain and flooding. This 
phenomenon led to a lower index of relative abundance 
for meadow voles in study 2 compared to study 1. During 
the last trapping period, 25 August - 26 August, three 
meadow voles were captured in the marsh, two of which 
had been marked prior to the flood. 
The total trapping effdrt for this study was 1512 
trapnights. The total captures, recaptures, trapnights, 
captures and recaptures per 100 trapnights per habitat 
are tabulated in Table 11. 
As in study 1 a Kruskal-Wallis analysis of variance 
was performed on the number of captures per 100 
trapnights of each sampling day per unit area for the 
three habitats. The resulting test statistic (H) was 
/ 
13.16, indicating highly significant (p < 0.005) 
differences between habitats. Subsequent multiple range 
tests were performed. Significant differences were 
found between the woodland and the marsh and between the 
r~ 
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Table 11: Small mammal capture data for study 2 
indicating captures, recaptures, trapnights, 
captures per 100 trapnights, and recaptures 
per 100 trapnights for each habitat. 
CAPTURES 
RECAPTURES 
TRAPNIGHTS 
(TN) 
CAPTURES/ 
100 TN 
RECAPTURES/ 
100 TN 
"'\ 
WOODLAND 
35 
2 1 
504 
6.9 
4.2 
43 
ECOTONE 
22 
1 0 
504 
4.4 
2. 0 
MARSH 
1 1 
2 
504 
2.2 
0.4 
• 
' 
ecotone and the marsh. No difference was found between 
the woodland and the ecotone. The marsh was the habitat 
with the lowest rank sum ( 170.0), and the significant 
differences found reflect the lower capture rate in this 
habitat. 
The total captures, recaptures, trapnights, 
captures and recaptures per 100 trapnights per transect 
line in each habitat are presented in Table 12'. There 
did not appear to be such a striking gradient of 
increasing animals with increasing distance from the 
ecotone as there appeared in study 1 (refer to Table 8). 
It appeared to be a more even distribution between the 
woodland and the ecotone. 
A Kruskal-Wallis test was performed to compare the 
data of all transect lines across all three habitats 
during this study. The resulting test statistic (H) was 
30.27 (p < 0.002). Thus, there were significant 
differences between transects. Subsequent multiple 
range tests revealed significant differences between all 
transects, except between transect B of the woodland and 
transect A of the ecotone, between transect A of the 
woodland and transect A of the ecotone, and between 
transect C of the woodland and transect C of the marsh. 
The transects with the lowest resulting rank sums were 
those in the marsh and the ecotone, which reflected the 
fact that fewer mammals were captured in these areas. 
. . 
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Table 12: Small mammal capture data for study 2 
indicating captures, recaptures, trapnights, 
captures per 100 trapnights, and recaptures 
per 100 trapnights for each transect line. 
• 
WOODLAND 
A B C 
CAPTURES 
7 
RECAPTURES 
6 
1 7 
1 0 
TRAPNIGHTS (TN) 
168 1 68 
CAPTURES/100 TN 
4.2 1 0 . 1 
1 1 
9 
168 
6.6 
RECAPTURES/100 TN 
3.6 6.0 5.4 
\ 
A 
4 
\ 
4 
168 
2.4 
2.4 
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ECOTONE MARSH 
B C A B C 
6 l l 3 0 8 
t 
3 7 0 0 6 
168 1 68 1 68 168 168 
3.6 6.6 1 . 8 0 4.8 
~ 
r 
\ 
" 
' \ 
I 
' ! 
/ 
1 • 8 4.2 0 0 3.6 
/ 
) 
• 
• 
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The Shannon-Wiener formula (Smith 1980; Zar 1984) 
was used to calculated species diversity indices for 
each of the three habitats. These results are presented 
in Table 13. All the habitats had relatively low 
diversity indices; the ecotone has the highest index (H' 
= 0.62). 
' 
\ 
' 
I ~ 
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• 
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Table 13: Species richness, species diversity, and 
the total area sampled per habitat during 
study 2: 1 5 July - 26 August 1988. 
HABITAT 
WOODLAND 
ECOTONE 
MARSH 
SPECIES 
RICHNESS 
3 
5 
3 
SPECIES 
DIVERSITY 
( H ' ) 
0.33 
0.62 
0.30 
Total number of species captured: 6 
\ 
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AREA 
SAMPLED 
( m2 ) 
1800 
900 
1800 
0 
. 
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DISCUSSION 
The vegetational analysis conducted on the tree, 
shrub and herb strata of all three habitat types 
indicated that there were two distinct vegetative 
. communities, the woodland and the marsh, with an 
interposing transitional area between them. This 
transition zone, the ecotone, was characterized by an 
~ 
interspersion of various plant species that were 
characteristic of the indiv~dual adjacent communities. 
I 
\ 
The ecotone provides a conti~uous vegetational gradient, 
transforming the landscape from one habitat type to 
another rather than discrete communities (Radford et al. 
1981 ). In analyzing the data from the shrub and herb 
strata, it is important to note that fewer points were 
sampled in the woodland and marsh with respect to the 
ecotone, which may have caused the cover and sociability 
l 
\ 
\ 
estimates for the herbaceous species in these two 
habitats to be underestimated. 
Another method for approaching a vegetational 
analysis would have been to utilize quantitative 
transect lines to accurately define, characterize, and 
map out the ecotone prior to small mammal trapping. 
This method would provide more information as to· the 
~ 
precise contours of the ecotone and trapping transects 
could then be situated with respect to these results. 
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For the purposes of this study, however, the methods 
used were appropriate for broadly characterizing the 
three habitats in the study area with regard to the 
vegetative species present and their relative 
abundances. 
The results from the two mark-recapture studies 
indicated that Peromyscus leucoous was the most abundant 
small mammal within the forest: 83% of all woodland 
captures of st~dy 1 and 88% of all woodland captures of 
study 2. Microtus pennsylvanicus was the most abundant 
animal captured in the marsh: 90% of all marsh captures 
of study 1 and 82% of all marsh captures of study 2. 
These results agree with those of Anthony et al. ( 1981) 
who studied small mammal associations in both forests 
and fields. They found that P. leucopus was the most 
numerous species in forested habitats and that M. 
pennsvlvanicus was the most numerous species in the 
field habitats. P. leucopus is characterized as a 
I 
woodland species (Grimm and Whitebread 1952; Iverson et 
al. 1967; Baker 1. 968; Lackey 1985), whereas, M. 
pennsylvanicus is grassland species which feeds 
··' 
primarily on grasses and sedges (Grimm and Whitebread 
1952; Iverson et al.\1967; Reich 1981; Getz 1985). M. 
pennsylvanicus was not trapped in the ecotone area. 
Blarina brevicauda and Sorex cinereus were captured 
at least once in all three habi~a\types. Both species 
49 
• 
tend to be habitat generalists with broad habitat 
tolerances (Grimm and Whitebread 1952; Iverson et al. 
1967; Merritt 19~7). B. brevicauda, for example, is 
basically a secondary consumer, feeding upon insects, 
annelids, and small vertebrates (George et al. 1986). 
Therefore, it would be expected that such species are 
less directly dependent upon the vegetative composition 
of the landscape than are the primary consumers, such as 
P. leucopus and M. pennsylvanicus (Iverson et al. 1967; 
Baker 1968; Kirkland 1977; Getz 1985; George et al. 
1986). 
The statistical analyses comparing the small mammal 
capture data from the three habitats (woodland, ecotone, 
marsh) indicated that there were significant differences 
between habitats but no disproportionately higher 
frequency of small mammal captures in the ecotone during 
either of the two studies. During study 1 the ecotone 
was the area with the lowest rank sum, and it was 
significantly different from both the woodland and the 
\ , i 
marsh, indicating that fewer animals were captured 
\ 
there. During study 2 the ecotone was the area with the 
highest rank sum, whereas, the marsh had the lowest. 
The relative abundance of small mammals within the 
ecotone, however, was not significantly different from 
\ 
that of the woodland. Both of these habitats were 
~ \ 
significantly different from the marsh. Even though the 
so 
) 
( 
/ 
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ecotone had a higher rank sum than did the adjacent 
habitats, it was not different from the woodland and, 
therefore, it could not be concluded that there were 
higher activity levels in the ecotone. These results 
did not lead me to accept the hypothesis that there was 
greater level of small mammal activity within the 
ecotone as compared to the adjacent marsh and woodland. 
The results of the individual transect analyses 
indicated that there appeared to be an avoidance of the 
areas closer to the ecotone by small mammals. This 
apparent response was opposite from what was expected 
since the edge effect phenomenon was supposed to be 
characterized by an increase in density across the 
ecotone. There were significant differences between 
transect lines, but there was no increased frequency of 
small mammal captures in the ecotone. During study 1 
the ecotone was characterized by the lowest capture 
frequencies with gradual increases in capture 
frequencies in transects in the woodland and the marsh 
that were progressively farther away from the ecotone. 
This gradual increase in capture frequency with 
increasing distance from the ecotone was not as 
pronounced during study 2, ilthough there were 
significant differences between transect lines. 
These results indic~ted that the initial assumption 
·of this project, th-at there were differences between the 
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three habitats, was rather naive. The varying degrees 
of transition with varying distances from the ecotone 
seemed to indicate that the habitats were not 
homogeneous, but, rather, that the differences with 
. 
respect to the edge effect were much more discriminatory 
than simple, overall 'habitat differences. Small mammals 
appeared to be more active the farther they were from 
the ecotone. Whereas the general habitat type and its 
relation to the ecotone was believed to be the primary 
deteriminant in the distribution of animals exhibiting 
the edge effect, it appeared in this project, 
particularly during study 1, that the distance from the 
ecotone had an effect on the distribution and activities 
of small mammals. When studying ecotones and the edge 
effects, researchers may need to consider the varying 
degrees of transition and their effects in relation to 
varying distances from the ecotones. The edge effect 
may not be so much an effect of the various habitats, 
/' 
but rather, the location of an animal's distance from 
the ecotone and its accompan~ing effects. This 
relationship of distance from the ecotone and the edge 
effect has not been explored, and I believe that it 
should become a primary focus of attention for future 
research on ecotones if we are to gain a better 
1 
' 
understanding of the edge effects produced by ecotones 
' 
and their relationships to the animals in a particular 
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area. \ 
When species diversity indices were calculated for 
the three habitats, the ecotone was the area with the 
highest diversity index during both studies. The 
diversity values were low for all habitats. These low 
values may have reflected the small sample sizes, as 
well as a relatively small number of species in the 
area. In study 2 the areas of all three habitats 
sampled were not equal; the sampling grid in the ecotone 
covered only half the area of the grids in the woodland 
and marsh. It is not advisable to compare diversity 
indices unless the areas sampled were of equal size. 
Therefore, these values were not compared statistically. 
The ecotone, the smaller area sampled, had the higher 
species richness and diversity, and because of the 
~ 
smaller area, the effect may even be greater than what 
was calculated. Similar results were obtained from 
study 1, indicating that the ecotone did indeed have the 
higher diversity. 
These results, based on 2880 total trapnights·of 
sampling effort, led me to con._~ude that the edge effect 
was not evident with respect to small mammal populations 
across this woodland-marsh ecotone. There was not an 
apparent increase in small mammal activity levels in the 
1 
~ ecotone, which indicated that there was probably not an 
. ' 
increased density. There was an increased diversity in 
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the ecotone, which was a factor indicating that the edge 
' 
effect was present with regard to small mammals. 
Without both an increased diversity and increased 
density, the edge effect phenomenon, as it has been 
defined (Leopold 1933; Smith 1980; Kroodsma 1987), was 
not evident across this woodland-marsh ecotone. 
The single Tam'iascuirus hudsonicus ( red squirrel) 
that was captured in the ecotone was probably a 
transient. It was urtusual that Peromyscus maniculatus 
(deer mouse) was captured only in the marsh because the 
subspecies captured (gracilis) prefers forested habitat 
(Grimm and Whitebread 1952; Baker 1968; Merritt 1987; 
Kirkland, personal communication). Also, Clethrionomys 
gapperi (red-backed vole) and Napaeozaous insignis 
(woodland_jumping mouse) were only captured in the 
ecotone. These two species should also have been seen 
in the woodland because it is their preferred habitat 
(Grimm and Whitebread 1952; Whitaker and Wrigley 1972; 
Merritt 1981; Merritt 1987; Kirkland, personal 
communication). 
During study 2 the flooding of the marsh provided 
a natural trajectory experiment where the system was 
sampled before, during, and after a disturbance (Diamond 
1986). After the flooding, the return of a few meadow 
I 
voles that had been present in the marsh prior to the 
heavy rains serves as a qualitative indication of the 
• 
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philopatry of the species. These animals apparently 
returned to their home areas after being displaced. 
An objection may be raised 1n regard to the width 
,,. 
I 
of the ecotone under scrutiny. It may have been too 
narrow ( 10 m) to include the entire home range of any 
one mammal and, therefore, increased activity levels 
would not be observed. During study 2 the ecotone 
transects were set along the borders of the area defined 
as the ecotone, thus capturing mammals along the edges 
of the 10 m wide area (Figure 4). It is conceivable 
that transects A and C were actually sampling 2.5 m into 
the marsh and woodland, respectively, due to the 
trapping radius of a Sherman live-trap (Stenseth et al. 
1974). Therefore, the ecotone samples probably 
incorporated individuals from the adjacent habitats. 
This 2.5 m difference is negligible with respect to the 
home range sizes of these mammals: 0.2 - 0.6 ha for 
Peromyscus leucopus, for example (Burt and Grossenheider 
1987; Merritt 1987). If the edge was being e~ploited by 
numerous species of small mammals, as is implied under 
the edge effect phenomenon, a detectable increase in 
activity levels would still be expected since more 
animals should be attracted to this area and the extent 
of their home range sizes should allow them easy access 
to the ecotone. 
Therefore, it was not unusual to consider that the 
55 
\ ' ' 
• 
ecotone sample of small mammals would incorporate 
individuals from the adjacent habitats. The results 
I, 
that were unusual were those indicating that fewer 
animals were captured in the ecotone and that there was 
a gradual increase in the frequency of capture with 
increasing distance from the ecotone. It was also a 
point of interest that significant differences were 
detected despite the small sample sizes; a lack of the 
edge effect was detected. Also, Yahner (1988) reported 
that some researchers studying small mammals were able 
to detect the edge effect in a narrow ecotone (less than 
13 m wide). Therefore, the narrow width of the ecotone 
of this study, and its effects, was not a hindrance to 
obtaining reliable results. 
Another criticism would be the lack of numerous 
generalist specJes. The most frequently captured 
' 
species were--P. leucopus and M. pennsylvanicus. These 
two species, a woodland and a grassland species, 
respectively, can occasionally be found in contrasting 
habitats (Grimm and Whitebread 1952; Iverson et al. 
1967; Baker 1968; Getz 1985). For example, P. leucopus 
is occassionally found in grassland communities. In 
itself, the absence of abundant habitat generalist 
•, 
species in the ecotone rna,y be evidence that there was 
not an observable edge effect across this ecotone. B. 
brevicauda and S. •'' . c1nereus, 
' -
two habitat generalists, 
, 
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were captured in the ecotone, but these species were 
also captured in the woodland and the marsh. Yahner 
( 1988) suggested that sometimes abrupt edges with sharp 
differences in vegetative composition may act as a 
barrier to the distribution of small mammals. Such a 
barrier would explain the lack of evidence of a strong 
edge effect in this area. 
It was a primary assumption of this project that i{ 
an increased density of small mammals was present in the 
ecotone, it would be reflected in increased activity 
levels and, therefore, result in more capture.sin this 
area. The sample sizes of the two studies were too 
small to obtain accurate population estimates and, as a 
result, density could not be directly determined. The 
small sample sizes may have been due to few .individuals 
present in the study area, the small sizes of the 
sampling grids, or the short duration of the studies. 
Yet, despite the small sample sizes, significant 
differences between the habitats and between the 
transects were found. A larger scale study of longer 
duration should reveal the same basic results: the edge 
,. 
effect was not evident with respect to small mammals 
across this woodlard-marsh ecotone. 
A 24-hour trapping regime could have been used to 
determine when small mammals were active in the ecotone, 
especially since many of the species were~diurnal 
;· 
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(Flowerdew 1985). The study could also be expanded to 
sample the small mammal populations throughout the year. 
Such a long-term project would reveal any apparent 
seasonal changes in the use of the ecotone by small 
mammals. 
A major criticism of this study involved the change 
in the trapping pattern. It is generally not advised to 
change a sampling regime during the course of a study. 
Sample sizes would have been larger and analyses 
probably would have indicated greater significant 
differences. However, despite the change in the 
trapping pattern, the results were similar for the two 
studies--no increased abundance, but a higher diversity, 
of small mammals in the ecotone. Future studies might 
include a more detailed analysis concerning the gradient 
changes with respect to small mammal distribution as 
they occur at varying distances from the ecotone. Also, 
studying different portions of the ecotone of this study 
area, as well as studying different types of inherent 
ecotone edges, might prove beneficial and provide more 
insight as to the universality of the edge effect 
phenomenon. 
Due to growing concern for the conservation of 
plant and animal species many researchers are focusing 
their attention on edges and their effects upon the 
wildlife. Wildlife management techniques often employ 
. 158 
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the creation of edges to increase the diversity and 
abundance of organisms, primarily game species (Harris 
1988). At present there is no standard protocol for the 
quantification of edge effects (Yahner 1988). Both the 
positive and negative consequences of various edge types 
need to be considered. Edges are not uniform and 
identical and, therefore, their effects should not be 
expected to be equal (Yahner 1988). Some edges will 
exhibit many positive effects such as increased 
diversity and density. Di.fferent edges, however, will 
exhibit detrimental effects such as increased predation, 
browsing, or parasitism. Both inherent and induced 
edges need to be examined in order to gain a better 
.understanding and insight as to the animal community and 
ecosystem dynamics, and thus enable wildlife management 
techniques to be employed more effectively. 
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Appendix 1: , Point quarter field data and basal area 
calculations for the woodland tree stratum 
analysis. 
SAPMLING QUARTER DISTANCE- SPECIES DIAMETER BASAL 
POINT NUMBER (m) (dbh in.cm) AREA 
( cm2 ) 
1 1 8. 0 T§~g2 ~2n2Q~n~i~ 1 3. 2 136.8 
2 5.8 B~tul2 QOI;2UlifQlia 1 0 . 4 84.9 
3 1 0 . 0 B~tylg QQQYl1!Ql1g 1 3 . 5 1 4 3 . 1 
4 9.5 T~U92 ~2n2den~i~ 24.4 467.6 
2 1 6 • 1 Betula QOQulifolia 1 7 . 0 227.0 
2 7. 2 Arn~lan~hier arQorea 1 1 • 4 1 0 2 . 1 
3 8.6 Betula 12012ulifolia 1 1 . 2 98.5 
4 9.4 Tsuga canadensis 2 3 . 1 4 1 9 . 1 
'4 
3 1 3.4 Betula QOI2Ulifoli2 1 0 . 4 84.9 
2 2. 7 Tsuga ~anaden§i~ 37.6 1 1 1 0 • 4 
3 1 4 • 0 A~~r ru!;2rum 1 3 . 2 1 3 6. 8 
4 3. 8 A~er ruQrum 1 5 . 0 176. 7 
4 1 .... 7.8 B~:t~la QOQUlifQli~ 1 l • 4 l O 2 • 1 
2 8 . 1 Betula QOQulifolia 1 4·. 5 1 6 5 . 1 
3 4.8 Betula QOQulifolia 1 4 . 5 1 6 5 . 1 
4 2.2 Nyssa sylvatica 1 8. 8 277.6 
.) 
5 1 1 • 9 Tsuga canadensis 1 7. 0 227.0 
2 1 • 5 T§uga canad~nsis 20.8 339.8 
3 3. 5 Tsuga canadensis 20.8 339.8 
4 6.9 T§uga canadensis 1 1 • 2 98.5 
6 1 1 0 . 1 Tsuga ~anadensi 2 22.9 4 1 1 • 9 
2 4.7 Tsugg cgnadensi§ 31 . 0 754.8 
3 5.8 T§~ga ~gn~d~n§~§ 3 1 • 5 779.3 
4 3.5 Acer rubrum 16.5\, 213.8 
f 
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Appendix 2: Woodland shrub stratum analysis indicating 
growth form (GF), cover (C) and sociability 
(S) results. A dash indicates the absence 
of the species at that sampling point. See 
Table 1 for an explanation of the terms. 
SAMPLING POINT , 2 3 4 5 6 
SPECIES 
------GF--C/S-C/S-C/S-C/S-C/S-C/S-
Kalrnia H 1 1 - 4/3 
angustifolia 
Spirea H7 2/1 
latifolia 
Vacciniurn H 1 1 3 / 1 3/1 3/2 3/1 4/2 6/1 
coryrnbosurn 
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Appendix 3: Marsh shrub stratum analysis indicating 
growth form (GF), cover (C) and sociability 
(S) results. A dash indicates the absence 
of the species at that sampling point. See 
Table 1 for an explanation of the terms. 
SAMPLING POINT 1 2 3 4 5 6 
SPECIES ' 
~~~~~---GF----C/S--C/S--C/S----C/S----C/S~C/S~ 
Spirea H7 7/5 4/4 6/5 5/4 5/4 3/4 
lgtifolig 
Spirea H7 5/5 7/5 7/5 6/5 6/5 
tornentosa 
Vg~~ini~m H 1 l 3/1 3/1 3/2 2 / l 3 I 1 4/1 
corymbosum 
,, 
' 
/ 
, 
/ 
/ 
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Appendix 4: Ecotone shrub stratum analysis indicating 
growth form (GF), cover (C) and sociability 
(S) results. A dash indicates the absence 
of the species at that sampling point. See 
Table 1 for an explanation of the terms. 
I 
SAMPLING POINT , 2 3 4 5 6 
SPECIES 
-------GF--C) S-C/ S-C/ S-C/ S-C/ S-C/ S-
Kalmia H 1 1 7/3 4/2 5/3 4/3 4/3 4/3 
angustifQlia 
Spirea H7 3/2 2/2 4/2 4/2. 4/2 
latifolia 
Spirea H7 -· 
tQm~ntosa 
Va~cinium H 1 1 6/4 5/3 6/4 7/4 5/4 6/3 
~QrymQQ§!Jm 
SAMPLING POINT 7 8 9 1 0 1 1 1 2 
SPECIES 
------GF--C/ S-C/ S-C/ S-C/ S-C/ S-C / S-
Kalrnia H 1 1 
angustifo1ia 
Spirea H7 7/3 7/4 3/4 5/3 4/2 3/3 
latifolig 
Spirea H7 6/2 - 4/3 4/3 4/2 6/4 
tomentosa 
Vaccinium H 1 1 4/4 3/4 3/3 3/2 2/2 
corymbosurn 
SAMPLING POINT 1 3 1 4 1 sr 1 6 1 7 1 8 
·sPECIES 
GF C/S C/S C/S C/S C/S C/S 
. 
Kalmia H 1 1 -
angu§tifolia 
Spirea H7 7 / 3 ~ 7/4 3/4 5/3 4(/ 2 3/3 
latifolia 
Spirea H7 6/2. J 4/3 .4/ 3 4/2 6/4 
tomentosa 
Vacciniurn H 1 1 4/4 3/4 3/ 3 '• 3/2 ,2/2 
corymbosum 
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Appendix 5: Woodland herb stratum analysis indicating 
growth form (GF), cover (C), and 
sociability (S) results. A dash indicates 
the absence of the species at that sampling 
point. See Table 1 for an explanation of 
the terms. 
SAMPLING POINT 1 2 3 4 5 6 
SPECIES 
GF C/S C/S C/S C/S C/S C/S 
D~nn§tg~Qtia H l l 2/1 
Q!Jn~tilQQUl~ 
Hi~racium H14 2/2 
QilQ§~ll2 
Ly~o12ogium H 1 l 3/3 
digitatum 
Ly~OI2QQium H 1 1 3/3 
OQSCUrum 
Pgnicum sp. H 1 1 3/2 
Po~ sp. HS 2/2 3/3 2/2 3/2 
Polvtrichum H 1 1 7/3 7/3 7/3 7/3 7/3 7/3 
• ~ commune 
Tii~ntglis H 1 1 3/1 3/2 
QQr~glis 
ADDITIONAL HERB SPECIES PRESENT BUT NOT IN ANALYSIS: 
,. 
1. Aster sp. 
2. Bromus sp. 
3.' Cladonia sp. 
4. Festuca sp. 
5. Ptendium aguilioum 
6. Rumex sp. 
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Appendix 6: Marsh herb stratum analysis indicating 
growth form (GF), cover (C) and sociability (S) results. A dash indicates the absence 
of the species at that sampling point. See 
Table 1 for an explanation of the terms. 
SAMPLING POINT 1 2 3 4 5 6 
SPECIES 
GF C/S C/S C/S C/S C/S C/S 
Carex sp. HS 2/2 2/2 2/3 - -
Duli~hium H 1 1 4/2 5/2 4/2 
arunQg~ium 
Eleocharis H 1 1 2/2 
obtusa 
HyQericum sp. H 1 1 2/2 2/1 2/2 
Juncus H13 3/3 2/2 2/3 4/ 3. 5/3 
effusus 
Lysimachia H 1 1 2/1 2/1 \ 
I' 
2/1 2/1 
terre§tris 
Poaceae sp. HS 2/2 
Rhyn~Q§Qora H 1 1 2/1 
sp. 
S~irQU§ sp. H 1 1 3/2 5/3 4/2 4/2 4/2 
Sphagnum sp. H 1 1 4/3 4/3 6/3 I 7 / 3 7/3 
• , 
ADDITIONAL HERB SPECIES PRESENT BUT NOT IN ANALYSIS: 
1 • Dryopteris cristata 
2 . Osmunda regalis 
3 . Solidago sp. 
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Appendix 7a: Ecotone herb stratum analysis indicating 
growth form (GF), cover (C), and 
sociability (S) results for sample points 
1 to 12. A dash indicates the absence of 
the species at that sampling point. See 
Table 1 for an explanation of the terms. 
SAMPLING POINT 1 2 3 4 5 6 
SPECIES 
GF C/S C/S C/S C/S C/S C/S 
D~nn§taegtia H 1 1 2/1 2/1 3 I 1 
gunctilobula 
Hy'2ericum sp. H 1 l 
Juncus . H 1 1 
effusus 
LycoQodium H 1 1 
digitatum 
LyCOQOdium H 1 1 
obscurum 
Ly§imachia H 1 l 
:t~rr~~tri~ 
Poa sp. H8 3/2 
-
Pc:,.ceae sp. HS 
-· Pc ... ytrichum H l 1 5/3 3/3 3/3 3/3 3/3 7/3 
commune 
SQhagnum sp. H 1 1 3/3 3/3 ~. 2/3 
Trientalis H 1 1 2/2 2/2 2/2 
borealis 
SAMPLING POINT 7 8 9 1 0 1 1 1 2 
SPECIES 
GF C/S C/S C/S C/S C/S C/S 
Dennstaedtia H 1 1 - 2/1 
12unctilobula 
HyQericum sp. H 1 1 2/1 2/1 3/2 2/1 
Juncus H 1 1 
-
effusus "' 
Lycogodiurn H 1 1 2/3 4/3 2/3 
digitatum 
Lyco12odiurn H 1 1 3/3 2/3 - 2/3 
obscurum 
LysirnsQhia H 1 1 2/1 2/1 4/2 -
t~rr~§:tris 
Poa sp. HS 2/2 3/2 3/2 ( - 2/2 4/2 
Poaceae sp. HS - 2/2 - 3/2 3/2 
Polytrichum H 1 1 3/3 2/2 3/3 4/3 ,.-
commune 
Sphagnum sp. H 1 1 4/3 2/3 
Trientalis H 1 1 
borealis 
C 
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Appendix 7b: Ecotone herb stratum analysis indicating 
growth form (GF), cover (C) and 
sociability (S) results for.sampling 
points 13 to 18. A dash indicates the 
absence of the spec~es at that sampling 
point. See Table 1 ·.for an explanation of 
the terms. 
SAMPLING POINT 1 3 1 4 1 5 1 6 1 7 1 8 
SPECIES • 
GF C/S C/S C/S C/S C/S C/S 
Dennst2 egtia H 1 1 -
QUn~tilOQUlg 
Hypericum sp. H 1 1 3 I, 3/2 3 I 1 
Juncus H 1 1 2/3 5/2 3/2 
effusus 
LyCOQOQiurn H 1 1 .-
digitaturn 
LyCQQOdiurn H 1 1 
obscurum 
Lysima~hia H 1 1 3/1 3/2 
terrestris 
Paa sp. H8 4/3 4/2 4/2 2/2 4/3 4/2 
Poaceae sp. HS 4/2 2/2 3/3 2/2 
Polytrichurn H 1 1 6/3 6/3 2/3 5/3 2/3 
commune 
Sphagnum sp. H 1 1 - 3/3 2/3 3/3 3/3 3/3 
Tri~ntalis H 1 1 - - - - - -
borealis 
ADDITIONAL HERB SPECIES PRESENT BUT NOT IN ANALYSIS: 
1. Osmunda regalis 
• 
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